The electrochemical oxidation of an antihistamine drug, methdilazine, was studied in 9.2 pH with 0.2 M phosphate buffer as supporting electrolyte at 25 ± 0.2°C. Glassy carbon electrode was used to perform the experiment at cyclic voltammetry, linear sweep voltammetry and differential pulse voltammetric techniques. The dependence of the current on pH, concentration and scan rate were investigated. Differential pulse voltammetric technique was adopted to know the linear relation between peak current and methdilazine concentration. The linear response was obtained in the range of 3.0 μM-1.0 mM with a detection limit of 0.1 μM. The proposed method was also applied for the quantitative determination of methdilazine in pharmaceuticals and biological samples. 
PUBLIC INTEREST STATEMENT
In this article, we described the simple and quick tool for the direct determination of methdilazine hydrochloride, an antihistamine drug, at glassy carbon electrode. The advantages of the study are as follows:
• A time-saving, simple, inexpensive and highly sensitive method for the detection of methdilazine was developed.
• The linear response was obtained in the range of 3.0 μM-1.0 mM with a detection limit of 0.1 μM with good selectivity and sensitivity.
• Various physicochemical parameters, such as process on the surface of the electrode, which was found to be adsorption controlled, heterogeneous rate constant, number of electrons transferred and charge transfer coefficient were estimated. A probable reaction mechanism was proposed.
• Effect of some excipients were studied; the results showed that there was no interference from the excipients during the analysis.
The present method was also applied for the quantitative determination of drug in biological samples.
Introduction
A synthetic analogue of phenothiazine derivative (10-[(1-Methyl-3 pyrrolidinyl) methyl] phenothiazine monohydrochloride) known as Methdilazine hydrochloride (MDH), (Scheme 1) (Gordon, 1994 ) is used as an antihistamine and also found to possess anti-pruritic action.
Voltammetric methods gathered much attention of researchers owing to their rapidity of analysis, no requirement of sample pre-treatment, fairly high sensitivity and inexpensive instrumentation. In addition, application of electroanalytical techniques includes the determination of electrode mechanisms (Malode, Abbar, Shetti, & Nandibewoor, 2012) . The performance of the voltammetric techniques is purely affected by the characteristic feature of the working electrode material, such as chemical and physical properties. An overview of the improvement in electroanalytical chemistry demonstrates that solid metal electrodes represent the most rapidly rising class of electrodes (Jorge, Pontinha, Marques, & Oliveira-Brett, 2010; Shetti, Sampangi, Hegde, & Nandibewoor, 2009; Wudarska, Chrzescijanska, Kusmierek, & Rynkowski, 2013) . Among all those electrodes, the utilization of glassy carbon electrode (GCE) for the electrochemical measurements has increased in recent years as they provide good sensitivity, negligible porosity and superior mechanical rigidity (Bukkitgar, Shetti, Kulkarni, & Nandibewoor, 2015; Nayak, Shetti, & Katrahalli, 2015) . Oxidation and reduction property of drugs can give insight into its metabolic providence or their in vivo redox process or pharmaceutical activity (Diculescu, Kumbhat, & Oliveira-Brett, 2006; Hegde, Kumaraswamy, et al., 2009; Kumar, Tang, & Chen, 2008) .
The literature survey revealed the availability of few methods for the assay of MDH in pharmaceutical formulations. Quantification of MDH has been achieved by high-performance liquid chromatography (HPLC) (Croes, McCarthy, & Flanagan, 1995; Sane et al., 1990; Smith & Evans, 1995) , liquid chromatography (Mohammed & Cantwell, 1978) , spectrofluorimetry (Sastry, Prasad Tipirneni, Suryanarayana, Rao, Satyanarayana, 1990) , differential fluorimetry and differential UV-spectrophotometry (Gurka, Kolinski, Myrick, & Wells, 1980) . Some visible spectrophotometric methods are also reported for the assay of pharmaceuticals (Basavaiah & Charan, 2002a , 2002b , 2003a , 2003b , 2003c Emmanuel & Mathew, 1985; Gowda & Seetharamappa, 2003; Ramesh, Gowda, Melwanki, Seetharamappa, & Keshavayya, 2001; Sastry, Prasad Tipirneni, & Suryanarayana, 1989a , 1989b , 1989c Sastry, Prasad Tipirneni, & Suryanarayana, 1990a , 1990b . However, these methods involve several manipulation steps which were not simple for routine analysis of pharmaceutical formulations and require sophisticated instruments.
A review of the literature exposes that, till date there is no report on the electrochemical oxidation of methdilazine hydrochloride at GCE. In sight of the pharmaceutical and biological importance of MDH and the lack of literature on its voltammetric determination, the electro oxidation of methdilazine hydrochloride necessitates a method to be developed. The plan of the present study is to establish the suitable experimental conditions to explore the oxidation mechanism of methdilazine hydrochloride, its determination in syrup, spiked human urine and blood samples using cyclic, linear sweep and differential pulse voltammetric techniques. 
Materials
Electrochemical analyzer (CHI Company, D630, USA) was used to study the electrochemical activities of the drug under investigation at an ambient temperature of 25 ± 0.2°C. A three-electrode system consisting of GCE as working electrode, platinum wire as counter electrode and Ag/AgCl (3 M KCl) as reference electrode were used in a 10 ml single compartment. Methdilazine hydrochloride (Sigma-Aldrich, USA) was used to prepare 1.0 mM stock solution in double-distilled water. The phosphate buffer solutions ranging 3.0-11.2 pH with ionic strength 0.2 M were prepared according to literature (Christian & Purdy, 1962) and pH of the solutions was measured by pH meter (Elico Ltd, LI120, India). Double-distilled water, analytical-grade chemicals and reagents without further purification were used throughout the experiments.
Pre-treatment of working electrode
Prior to use, the GCE was carefully polished using 0.3 micron Al 2 O 3 slurry on a polishing cloth before each experiment. The GCE was first activated in phosphate buffer (pH 9.2) by cyclic voltammetric sweeps between −2.0 and 3.0 V until stable cyclic voltammograms were obtained. Then electrodes were transferred into another 10 ml of phosphate buffer (pH 9.2) containing proper amount of MDH.
Randles-Sevcik equation was used to calculate the active area of the electrode using cyclic voltammetric technique and K 3 Fe (CN) 6 1.0 mM as a probe at different scan rates in 1.0 M KCl (Figure 1 ) as supporting electrolyte . At T = 298 K and for a reversible process the equation is as follows:
In Equation (1), I p refers to the anodic peak current, n is the number of electrons transferred during the electrode reaction = 1. A 0 is the surface area of the electrode, D R is the diffusion coefficient i.e. 7.6 × 10 −6 cm 2 s −1
, υ is the scan rate and C 0 is the concentration of K 3 Fe (CN) 6 . From the slope of the plot of I p vs. υ 1/2 , the area of the electrode surface was calculated to be 0.04 cm 2 .
Procedures for pharmaceutical preparations
The content of dilosyn syrup (5 mL of dilosyn syrup equivalent to 4 mg of MDH) bottles (100 mL per bottle) equivalent to 80 mg MDH were quantitatively transferred into a separating funnel. A portion equivalent to a stock solution of a concentration of about 1.0 mM was accurately taken and transferred in to a 100 mL calibrated flask and completed to the volume with Millipore water. The
(1) contents of the flask were sonicated for 10 min to affect complete dissolution. Appropriate solutions were prepared by taking suitable aliquots of the clear supernatant liquid and diluting with buffer solution of pH 9.2. The differential-pulse voltammogram was subsequently recorded following the optimized conditions. The content of the drug in syrup was determined referring to the calibration graph or regression analysis.
To study the accuracy of the proposed method, and to check the interference from excipients used in the dosage forms, recovery experiments were carried out by the standard addition method.
Analysis of human serum and urine
Serum samples, obtained from healthy volunteers, were stored frozen until assay. To achieve final concentration of 1.0 mM, an aliquot quantity of sample was fortified with MDH. 0.4 mL of acetonitrile was treated and the volume was completed to 3.0 mL with the same serum sample. To clear the protein residues in the mixture, it was vortexed for 1 min, then centrifuged for 10 min at 4,000 rpm. Analysis was carried out in the pH 9.2 and quantification was performed by means of calibration plot method.
Human urine was obtained from four healthy volunteers of similar sex and age. Aliquots were centrifuged at 7,000 rpm for 5 min at room temperature (25 ± 0.2°C). These urine samples were analysed immediately or they were stored at low temperature until analysis.
Results and discussion

Electro-oxidation of methdilazine
In order to understand the voltammetric behaviour of MDH, cyclic voltammetry method was utilised. Between the pH ranges 3.0 and 11.2, the electrochemical behaviour was studied and one well-defined irreversible oxidation peak at pH 9.2 was observed. In Figure 2 , voltammetric behaviour of MDH in phosphate buffer solution (pH 9.2, I = 0.2 M) is represented. There was no peak observed on the reverse scan, therefore, electrode process is supposed to be irreversible. Since successive cyclic voltammogram showed decrease in the peak current due to adsorption of MDH or its oxidation product, the oxidation peak corresponding to first sweep was only recorded.
Effect of surfactant
Surfactants, even in trace quantities, can exert a strong effect on the electrode process. Adsorption of such substances at the electrode may inhibit the electrolytic process, bring out the irregularity in the voltammograms, and shift in the wave to more negative potentials (Herovsky & Rute, 1966) . Surface-active substances have the common tendency of accumulation at interfaces. The lack of affinity between the hydrophobic portion of the surfactant and water leads to the repulsion of these substances from the water phase. Experimental results showed that the addition of cationic surfactant, cetyltrimethylammonium bromide, as anionic surfactant, sodium dodecyl sulphate and the non-ionic surfactant, Triton X-100 has no much influence on the peak current and peak potential (Figure 3 ).
Effect of pH
Proton is always involved in the electrochemical reaction of organic molecules and exerts significant impact on the reaction rate. By optimizing the pH conditions, sharper response accompanied with higher sensitivity can be obtained. Therefore, phosphate buffer solution over the pH range 3.0-11.2 was utilized to study the pH effect on the oxidation of MDH (Figure 4) . No peak was observed till pH 5. From pH 6 to pH 11.2, a well-defined curve was observed. It was noticed that, as the pH of the supporting electrolyte increases, the peak potential shifted to less positive values. The linear relationship between E p and pH can be expressed as follows:
The slope of E p vs. pH close to the theoretical value 0.059 suggested that the number of electrons transferred is equal to that of hydrogen ions taking part in the electrode reaction (Bukkitgar, Shetti, Kulkarni, & Doddamani, 2016) . From the plot of I p vs. pH, it is clear that the best result with respect to sensitivity and sharper response was obtained at pH 9.2, hence it was selected for further work. The peak current depends on the deprotonation and protonation form of the electro-active species in electrochemical cell. Further, the magnitude of current is directly proportional to the rate of electrochemical reaction. Hence, it is apparently concluded that the oxidation of MDH is very high at pH 9.2.
Effect of scan rate
The relationship between peak current and scan rate gives beneficial information about electrochemical mechanism. At different scan rates, the electrochemical behaviour of MDH was studied by using cyclic voltammetric technique ( Figure 5 ) and linear sweep voltammetric techniques (Figure 6 ). The dependence of the peak intensity I p (μA) upon the scan rate υ (V s −1 ) ( Figure 5(A) ) was carried out to assess whether the process on GCE was under diffusion or adsorption controlled. From the plot of logarithm of anodic peak current vs. logarithm of scan rate, a straight line was obtained with a slope of 0.96 ( Figure 5(B) ) which is closer to the theoretical value of 1.0 for a purely adsorption controlled process (Brown, Large, Weissberger, & Rossiter, 1964; Gosser, 1993) .
As the scan rate increased, the peak potential shifted to more positive values, which confirms the irreversibility of the oxidation process and a linear relationship between peak potential and logarithm of scan rate ( Figure 5(C) ) can be expressed by the following equation:
For an irreversible electrode process, according to Laviron (1979) , E p is calculated by the following equation:
where α refers to the transfer coefficient, k 0 is the standard heterogeneous rate constant of the reaction, n is the number of electrons transferred, υ the scan rate and E 0 is the formal redox potential. Other symbols have their usual meaning. From the slope of E p vs. log υ value of αn can be calculated.
log I p = 0.96 log + 2.813; R 2 = 0.995 Taking T = 298 K, R = 8.314 JK −1 mol −1 and F = 96480 C mol −1 the value of αn was calculated to be 0.883. According to Bard and Faulkner (2004) , α can be calculated as, where E p/2 is the potential where the current is at half the peak value. From the above equation, value of α is 0.56. The number of electrons transferred in electrode oxidation was calculated to be 1.48 ≈ 1. Hence, MDH may be assumed to undergo one proton-electron transfer in the electrode reaction. From the intercept of E p vs. υ curve by extrapolating to the vertical axis at υ = 0, the value of E 0 can be calculated from Equation 2 (Yunhua, Xiaobo, & Shengshui, 2004) . From the intercept of E p vs. log υ which was found to be 0.690, E 0 and k 0 were calculated to be 0.540 and 4.19 × 10 3 s −1 , respectively.
Oxidation mechanism
There is no peak present on reverse scan, corresponding to MDH oxidation. In this irreversible system, the results suggests, a one electron-one proton transfer process in the oxidation mechanism of methdilazine. From the results obtained, the following mechanism can be proposed for the oxidation of methdilazine at the surface of electrode. The reaction mechanism is given in Scheme 2.
Analytical applications
Validation of the analytical procedure
To determine the MDH in trace level, differential pulse voltammetric technique was used. The phosphate buffer solution of 9.2 pH was selected as the supporting electrolyte for the quantitative determination of MDH. Differential pulse voltammograms obtained with increasing concentration of MDH (Figure 7) . The linear equation was expressed as follows:
Five successive determinations were recorded to develop the statistical data related to calibration curve (Table 1) . Limit of detection (LOD) and limit of quantification (LOQ) were calculated to be 0.1 and 0.37 μM, using following equation respectively (Riley & Rosanske, 1996; Swatz & Krull, 1997) . where S is the standard deviation of the peak currents and m is the slope of calibration curve. The LOD and LOQ values calculated by the present method are better compared to the reported work (Table 2 ).
Determination of MDH in pharmaceutical dosages
The developed DPV method was applied successfully for the assay of MDH in syrup. The results of analysis of MDH are recorded in Table 2 . In order to validate and to obtain the precision and accuracy of the developed method, recovery studies have been carried out at different concentration levels of the drug. These studies were carried out by standard addition method. For this, known quantities of pure MDH were mixed with definite amounts of pre-analysed formulations and the mixtures were analysed as before. The total amount of the drug was then determined and the amount of the added drug was calculated by difference. The average per cent recoveries obtained were found to be quantitative 99.57% indicating good recovery of the drug.
Detection of MDH in urine and blood samples
The developed differential pulse voltammetric method for the MDH determination was applied to urine samples. The recoveries from urine were measured by spiking drug-free urine with known amounts of MDH. The urine samples were diluted 100 times with the phosphate buffer solution before analysis without further pre-treatments. A quantitative analysis can be carried out, by adding the standard solution of MDH into the direct system of urine sample. The calibration graph was used for the determination of spiked MDH in urine samples. The detection results of four urine samples obtained are listed in Table 3 . The recovery determined was in the range 99.6-100.3%.
The human blood serum sample was treated as described in Section 2.4. The analysis was carried out using differential pulse voltammetry. The recoveries in different samples were found to be 99.6% given in Table 3 . In the proposed method, the extraction step can be excluded for spiked urine using 
Effect of excipients
The tolerance limit was defined as the maximum concentration of the interfering of the substances that caused an error less than ±5% for the determination of MDH. Under the optimum experimental conditions, the effects of potential interfering substances on the voltammetric response of 1.0 mM MDH as a standard were evaluated. The experimental results show that thousand-fold excess concentration of starch, dextrose, citric acid, sucrose and gum acacia did not interfere with the voltammetric signal of MDH. The results shown in Table 4 revealed that the proposed method is selective and accurate, and hence could be adopted for the quality assurance.
Repeatability and reproducibility of the GCE
In order to study repeatability of the electrode, a 1.0 mM MDH solution and the same electrode (renewed every time) were used for every several hours within a day and the R.S.D. of the peak current was 2.5% (number of measurements = 5). As to the reproducibility between days, it was similar to that of within-day repeatability if, the temperature was kept unchanged. Owing to the adsorption of MDH or its oxidative products on to the electrode surface, the current response of the prepared electrode would decrease after successive use. In this case, the electrode should be prepared again. 
Conclusion
The developed voltammetric method provides a simple and quick tool for the direct determination of methdilazine hydrochloride using GCE. The investigation clearly reveals that the electrochemical oxidation of methdilazine hydrochloride was found to be an irreversible, adsorption controlled and one electron-one proton electrode process. From the results, a probable reaction mechanism was proposed. A differential pulse voltammetric technique was developed for the determination of methdilazine hydrochloride in syrups, human urine and blood samples quantitatively. Further, this method may be considered as an appropriate alternative to the existing chromatographic methods. The methods were not time consuming and were less expensive than the HPLC one.
